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These results can be compared with the United States Geological Survey’s (USGS’s)

New Low and High Noise Models (NLNM and NHNM) which give -18 and 32 dB re nm?/

Hz at 1 Hz, respectively.

With respect to mean PSD values at 1 Hz, GABBS Valleys Site 3 is noisiest with daytime

and nighttime noise at +1.9 and +1.2 dB, respectively. Furthermore, the noise levels at

sites that are much quieter are LLNL Site 3 east of GAR seismic stations with daytime

and nighttime noise levels at -9.3 and -12.9 dB, respectively; GARB3 with daytime and

nighttime noise levels at -12.6 and -12.3 dB, respectively. The site at GARBL1 is the qui-

etest site in this survey with daytime and nighttime noise levels at -13.5 and -13.6 dB,

respectively.

With respect to mean PSD values at 6 Hz, daytime noise at MINA Site 3 is noisiest with a

value of -25.6 dB. Furthermore, the noise levels at sites that are much quieter at night
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are MINA Site 4 and LLNL Excelsior Mountains Site 2 with nighttime noise levels at -45.3
and -44.3 dB, respectively. The site at GARBL1 is the quietest site in this survey with
daytime and nighttime noise levels at -44.1 and -46.5 dB, respectively.

Signal Coherence Spectra: Signal coherence is excellent with most of coherence values
near unity at MINA up to about 2 Hz. Beyond 2 Hz, signal coherency is not interpretable.
Good signal coherency is found for other sites such as GABBS, GAR, and LLNL sites.
Signal coherency is representable and interpretable at these sites.

Noise Coherence Spectra: Noise coherency is good at GAR and LLNL sites; poorer

noise coherency is at MINA and GABBS. Noise coherency is representable and inter-
pretable at these sites. '
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ABSTRACT

Noise was analyzed for displacement power spectral density (PSD) in decibels (dB) refer-

enced to units of nanometers (nm)2/Hertz (Hz) from noise time series acquired in 1997,
days 216-224, in the state of Nevada, USA, at MINA seismic stations, GABBS Valleys,
Excelsior Mountains, GAR seismic stations, and nearby to the east of GAR seismic stations.

The noise survey at MINA seismic stations and GABBS Valleys were conducted by the

AlliedSignal Technical Services Corp. with four sites at each location. The noise survey to

the east of GAR seismic stations composed of four sites and at the Excelsior Mountains

near MINA composed of two sites were conducted by the Lawrence Livermore National Lab-

oratory (LLNL). The Southern Methodist University (SMU) conducted the noise surveys at

the existing locations of GAR seismic stations. AlliedSignal employed the Teledyne Geotech
GS-13 seismometer and the RDAS-200P digitizer for their noise survey. LLNL and SMU
used the GS-13 and the REFTEK digitizer. The PSD results at 1 Hz and 6 Hz are as follows:

Displacement Stah dard
Power-.. " Deviation
Spectral Density 3 Noise
indB refgrred to _ RMS ' Noise
Latitude Longitude 1 nm<“/Hz " .
Name ©) ©) (Day/Night) (Day/Night) An}:')‘Il:t‘;xde Surveyed By
1 Hz 1Hz (0.8-3.0 Hz)
6 Hz 6 Hz
MINA, Site 1 38.2758 | -118.4710 0 =2.5/-9.0. 5.4/58 |. 0.62[0;33\' AlliedSignal
C : .-26.7/-32.7 | 6.3/7.6 R
MINA, Site 2 38.2796 -118.4740 |~ ""‘-_5;5/'-9.'2" 4.3/4.3 | :0.45/0.31 | AlliedSignal
' ) -34.7/-40.1 11775 BRI
MINA, Site 3 38.2736 -118.4660 -0.2/-6.8 6.2/6.2 0.82/0.41 AlliedSignal
"_-25.6/-32.0 8.2/9.7 ,
MINA, Site 4 38.2735 -118.4750 -4.2/-9.5 5.3/5.3 0.53/0.27 AlliedSignal
-40.5/-45.3 6.5/6.5 .

GABBS, Site 1 38.6191 -118.2260 -7.2/-0.5 8.0/8.0 0.37/0.78 AlliedSignal

-40.1/-31.2 5.0/9.9
GABBS, Site2 | 38.6192 -118.2300 -1.4/-8.5 4.7/4.7 0.72/0.33 AlliedSignal

-34.9/-38.5 5.2/5.7




Displacement

Power Standard
Spectral Density Deviation Noi
; oise
in dB referred to RMS Noi
Latitude Longitude 1 nm?Hz (Day/Night) | Amplitude Surv: '23 B
Name © © (Day/Night) i i yea sy
1 Hz 1 Hz (0.8-3.0 Hz)
6 Hz 6 Hz
GABBS, Site 3 38.6240 -118.2280 1912 8.9/8.9 1.07/0.94 AlliedSignal
_ "-34.9/-33.4 - 6.2/11.5
GABBS, Site 4 38.6179 -118.2200 -0.8/-5.9 ‘ 6.8/4.3 0.77/0.42 | AlliedSignal
-36.1/-35.8 . 5.3/6.4 ‘
LLNL, Site 1 38.4387 | -118.2139 . 4.2/-82 8.6/12.4 0.51/0.32 LLNL
o -31.0/-36.5 9.7/14.1 . ‘ _
LLNL, Site 3 38.4208 | -118.1900 -9.3/-129 - . | 9.9/14.5 0.33/0.21 LLNL
'-32.0l-37;4 o 9.6/14.8 S
LLNL, Site 4 38.4150 | -118.2106 " -4.5/45,0 7 ‘ 4.7/4.0 0.51/0.48 LLNL
-28.9/-30.7 i 6.4/4.8 : s
LLNL, Site 6 38.4336 -118.2193 . 5.2/-57 s 4.6/4.2 0.54/0.52 LLNL
. ~=30.2/~32.3 6.2/5.3 E
Excelsior 38.279 - | -118.4734 . -2.3,/-6.'0", 1 A lA - 0.65/0.43 LLNL
Mountains, : «33.9/-39.2 - - - 7.8/9.8 :
Site1 ’ EUR S ,
Excelsior 38.2737 -118.4749 7.4-88 4.7/3.2 0.36/0.31 - LLNL
Mountains, ‘ -39.1-44.3 - 5.8/5.7 e
Site2 SRR
GARAO 38.4268 -118.3000 -8.8/-8.9 - . - 3.7/4.4 0.33/0.33 ‘ SMU
‘ -31.0/-33.0 ._ 4.3/4.6
GARB1 38.4240 -118.3063 - -9.6/-9.8 3.1/3.6 0.33/0.32 SMU -
. -30.2/-32.5 5.3/5.0 »
GARB2A 38.4208 -118.2898 -9.7/-11.1 2.3/1.8 0.28/0.25 SMU
-33.7/-37.6 7.1/2.0
GARB2 38.4258 -118.2908 -10.8/-11.2 3.3/3.6 0.26/0.25 SMU
-37.3/-39.3 3.8/3.9
GARB3 38.4342 -118.3043 -12.6/-12.3 2.5/3.0 0.21/0.21 SMU
-40.8/-42.3 3.8/3.9
GARBL1 38.4502 -118.2933 -13.5/-13.6 2.2/2.0 0.18/0.18 SMU
-44.1/-46.5 3.5/13.7
GARC4 38.4105 -118.2952 -8.8/-10.0 4.4/4.9 0.30/0.27 SMU
-35.1/-37.6 4.9/5.3




These results can be compared with the United States Geological Survey’s (USGS's)

New Low and High Noise Models (NLNM and NHNM) which give -18 and 32 dB re nm2/
Hz at 1 Hz, respectively.

With respect to mean PSD values at 1 Hz, GABBS Valleys Site 3 is noisiest with daytime
and nighttime noise at +1.9 and +1.2 dB, respectively. Furthermore, the noise levels at
sites that are much quieter are LLNL Site 3 east of GAR seismic stations with daytime
and nighttime noise levels at -9.3 and -12.9 dB, respectively; and GARB3 with daytime
and nighttime noise levels at -12.6 and -12.3 dB, respectively. The site at GARBL1 is the
quietest site in this survey with daytime and nighttime noise levels at -13.5 and -13.6 dB,

respectively.

With respect to mean PSD values at 6 Hz, daytime noise at MINA Site 3 is noisiest with a
value of -25.6 dB. Furthermore, the noise levels at sites that are much quieter at night |
are MINA Site 4 and LLNL Excelsior Mountains Site 2 with nighttime noise levels at -45.3
and -44.3 dB, respectively. The site at GARBL1 is the quietest site in this survey with
daytime and nighttime noise levels at -44.1 and -46.5 dB, respectively.

Signal Coherence Spectra: Signal coherence is excellent with most of coherence values
near unity at MINA Up to about 2 Hz. Beyond 2 Hz, signal coherency is not interpretable.
Good signal coherency is found for other sites such as GABBS, GAR, and LLNL sites.

Signal coherency is representable and interpretable at these sites.

Noise Coherence Spectra: Noise coherency is good at GAR and LLNL sites; poorer
noise coherency is at MINA and GABBS. Noise coherency is representable and inter-
pretable at these sites.




INTRODUCTION

This report is written to record the results of noise spectra obtained from the seismic
noise time series acquired in 1997, days 216-224, in the state of Nevada, USA, at MINA
seismic stations, GABBS Valleys, Excelsior Mountains, GAR seismic stations, and
nearby to the east of GAR seismic stations. The noise surveys at MINA seismic stations
and GABBS Valleys were conducted by the AlliedSignal Aerospace/AlliedSignal Techni-
cal Services Corp. with four sites at each location. The noise survey to the east of GAR
seismic stations composed of four sites and at the Excelsior Mountains (near MINA)
composed of two sites were conducted by the Lawrence Livermore National Laboratory
(LLNL). The Southern Methodist University (SMU) conducted the noise surveys at the
proximity of the existing locations of GAR seismic stations. Figure 1 shows the map indi-
cating the locations of these noise-survey sites. Table 1 lists the locations of these sites.

MAP OF NOISE SURVEY DAYS 216—224 YEAR 1997—WHOLE PART
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Figure 1. Site locations of noise survey in Nevada, USA, days 216-224, year 1997.
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Table 1: Site Locations of the Noise Survey

Latitude | Longitude
©) ©
MNA1 38.2758 | -118.4710 | AlliedSignal
MNA2 38.2796 | -118.4740 | AlliedSignal
MNA3 38.2736 | -118.4660 | AlliedSignal
MNA4 38.2735 | -118.4750 | AlliedSignal
GAB1 38.6191 | -118.2260 | AlliedSignal
GAB2 38.6192 | -118.2300 | AlliedSignal
GAB3 38.6240 | -118.2280 | AlliedSignal
GAB4 38.6179 | -118.2200 | AlliedSignal
LLS1 38.4387 | -118.2139 LLNL
LLS3 38.4208 | -118.1900 LLNL
LLS4 38.4150 | -118.2106 LLNL
LLS6 38.4336 | -118.2193 LLNL
EXS1 | 38.27896 | -118.47339 LLNL
EXS2 | 38.27374 | -118.47490 LLNL

SITES Surveyed By

GARAO | 38.4268 | -118.3000 SMU
GARB3 | 38.4342 | -118.3043 SMU
GARB1 | 38.4240 | -118.3063 SMU
GARBL1 | 38.4502 | -118.2933 SMU

GARB2A | 38.4208 | -118.2898 SMU
GARC4 | 38.4105 | -118.2952 SMU
GARB2 | 38.4258 | -118.2908 SMU

The AlliedSignal Aerospace/AlliedSignal Technical Services Corp. employed the Tele-
dyne Geotech GS-13 seismometer and the RDAS-200P digitizer for their noise survey.’
LLNL and SMU used the GS-13 and the REFTEK digitizer.




PURPOSE

The purpose is to investigate the characteristics of noise for site selection in order to set up
an International Monitoring System (IMS) station for use under the Comprehensive Test
Ban Treaty (CTBT).

INSTRUMENT RESPONSES

The instrument response of the GS-13/RDAS-200P employed for this noise survey follows
that of the Designated Seismic Station (DSS) Vault Seismic System (VSS)! [pages 1-6].
The velocity sensitivity is 22.44 counts/nanometers(nm)/second (sec) at 1 Hz for the GS-
13/RDAS-200P system for sites surveyed by AlliedSignal. For the GS-13/REFTEK sys-
tem, the high-gain displacement sensitivity2 employed at GAR seismic station sites is
known as 0.004897 nm/count (or 204.21 counts/nm) at 1 Hz for sites surveyed by SMU;
the displacement sensitivity® is 844 counts/nm at 4 Hz for sites surveyed by LLNL. In par-
ticular, for the instrument response of GS-13/REFTEK system, the assumption has been
that the REFTEK digitizer’s response is flat at the frequencies of interest. The normalized
velocity and displacement amplitude system responses for the GS13/RDAS-200P and
GS13/REFTEK, respectively, are shown in Figure 2.

Noise seismograms were corrected for instrument response with the displacement system
response of the GS13/REFTEK for data provided by the SMU and LLNL groups. The
noise ground motion seismograms then become displacement noise ground motion seis-
mograms. Noise seismograms which were corrected for the velocity system response of
the GS13/RDAS-200P for data provided by the AlliedSignal group become velocity noise
ground motion seismograms. The discussion on what becomes of a ground motion seis-
mogram after an instrument system response correction has been both theoretically
treated and exemplified?.

1. Teledyne Geotech, Designated Seismic Station (DSS) Vault Seismic System (VSS) - User’s Guide, Docu-
ment Number 990-59300-9800, Teledyne Geotech, P.O. Box 469007, Garland TX 75046-9007, 1 July
1992.

2. Personal communication via e-mail between Paul Golden of SMU and Tom Kelly of CTI dated

3 September 1997.

3. Personal communication via e-mail between LLNL and Tom Kelly of CTI dated 3 September 1997.
4. Bao V. Nguyen (1995). The instrument responses of the SKM-3 System and the Designated Seis-
mic Station Vault Seismic System, Bull. Seism. Soc. Am. 85, 1835-1846.
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Figure 2. The normalized velocity and displacement amplitude system
responses for the GS13/RDAS-200P and GS13/REFTEK, respectively.




NOISE ANALYSIS

The individual instrument-corrected noise time series were analyzed employing averag-
ing time domain correlations over a set of data segments after windowing. Subse-
quently, the average auto-correlation function was Fourier transformed to obtain power
spectral density. Specifically, an auto-correlation function was computed for each seg-
ment of 10 seconds in length and segments were overlapped by 50%. For each seg-
ment, the windowing was performed with a Hanning windowing function. The collection
of windowed auto-correlation functions was then averaged over a set of data segments "
(windows) and fast Fourier transformed to obtain power spectral density (PSD). In prac-
tice, double instrument corrections were performed on the noise power amplitudes after
obtaining the auto-correlation function to avoid numerical instability resulting from edge
effects of instrument response correction.

From the paragraph above, the average and standard deviation of power spectral density
were computed based on employed noise time series analyzed for each site.

Table 2 lists general information.

Table 2: General Information

L Length of
Name Re?:)triii?l fg s Sa;zl;ng Noise Measurements Noise
Time Series used made at Surveyed By
(Year 1997) | (samples/sec) in PSD (sec)
MINA, Site 1 220-223 40 300 AlliedSignal
MINA, Site 2 220-224 40 300 AlliedSignal
MINA, Site 3 220-224 40 300 AlliedSignal
MINA, Site 4 220-224 40 300 AlliedSignal
GABBS, Site 1 228-230 .40 300 Open ground, | AlliedSignal
weathered ‘
granite
GABBS, Site 2 228-230 40 300 Open ground, | AlliedSignal
weathered
granite




Table 2: General Information (Continued)

. Length of
Date of Sampling . .
. Noise Measurements Noise
Name Recordings Rate - .
Time Series used made at Surveyed By
(Year 1997) | (samples/sec) in PSD (sec)
GABBS, Site 3 228-230 40 300 Open ground, | AlliedSignal
weathered
granite
GABBS, Site 4 228-230 40 300 Open ground, | AlliedSignal
weathered
granite
LLNL, Site 1 219-223 40 300 ' LLNL
LLNL, Site 3 219-223 40 300 LLNL
LLNL, Site 4 219-223 40 300 LLNL
LLNL, Site 6 219-223 40 300 LLNL
LLNL, Excelsior 219-223 40 300 LLNL
Site 1
LLNL, Excelsior 219-223 40 300 LLNL
Site 2
GARAO 216-223 40 300 Lithified SMU
conglomerate
GARB1 216-223 40 300 Lithified SMU
conglomerate
GARB2A 217-218 40 300 SMU
GARB2 218-223 40 300 Alluvium SMU
GARB3 216-224 40 300 Limestone SMU
GARBL1 217-223 40 300 Limestone SMU
GARC4 217-223 40 300 Sandstone SMU




COMPARISONS

Since 1993, the United States Geological Survey (USGS) has had a set of new noise models:
NLNM (New Low Noise Model) and NHNM (New High Noise Model!).! These noise models
were obtained by graphically fitting straight line segments to the lower and upper envelopes of
the spectral overlay of many networks of stations such as the SRO (Seismic Research Obser-
vatories) systems, the ASRO systems which are updated versions of the High Gain Long
Period (HGLP) seismographs, the Digital World-Wide Standardized Seismograph Network
(DWWSSN), the Chinese Digital Seismograph Network (CDSN), the IRIS/USGS (Incorpo-
rated Research Institutions for Seismology) systems, the IRIS/IDA (International Deployment
of Accelerometers) systems, the Regional Seismic Test Network (RSTN) systems, and
TERRAscope systems. In the words of Peterson, “the NLNM is a composite of station specfra
obtained from many different instruments, vaults, geologic environments, and geographic
regions,” and represents “a hypothetical background spectrum that is unlikely to be duplicated
at any single location on Earth. The NHNM is a spectrum of average high background noise
power in the network. Clearly, one can find sites that are noisier or periods of time at stations
in the network that may be affected by microseismic storms or by increased local activities that
disturb the instruments.” The models plotted in Figures A1-A42 of Appendix A serve as bench
marks against which other noise power spectral densities can be compared. At 1 Hz, the
NLNM is at -18 dB (referred to displacement power spectral density in 1 nm%Hz); the NHNM is
at about 32 dB.

Table 3 lists PSD (Day/Night) comparisons at 1 Hz and 6 Hz for all sites analyzed in this
report.

Figures 3a-c show the upper part, middle part, and lower part of the noise survey map as
seen from Figure 1 indicating the displacement power spectral density (daytime and nighttime,

respectively) at 1 Hz and 6 Hz at these sites.

Figures A1-A42 of Appendix A show noise power spectral densities obtained from these sites.

1. Jon Peterson (1993). Observations and Modeling of Seismic Background Noise, Open-File Report 93-322,
Albuquerque, New Mexico, U.S. Department of Interior Geological Survey.
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Figure 3a. Map of noise survey days 216-224 year 1997-upper part-showing PSD values

(Day/Night) in dB (re nm2/Hz) at 1 Hz and 6 Hz, respectively.
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MAP OF NOISE SURVEY DAYS 216-224 YEAR 1997-MIDDLE PART
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Figure 3b. Map of noise survey days 216-224 year 1997-middle part-showing PSD val-
ues (Day/Night) in dB (re nm2/Hz) at 1 Hz and 6 Hz, respectively.
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MAP OF NOISE SURVEY DAYS 216—224 YEAR 1997—-LOWER PART
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Figure 3c. Map of noise survey days 216-224 year 1997-lower part-showing PSD values
(Day/Night) in dB (re nm?/Hz) at 1 Hz and 6 Hz, respectively.
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Table 3: PSD (Day/Night) Comparisons at 1 Hz and 6 Hz

Displ. . Displ. . Noise
PSD | Standard | NOTMelZed | “psp’ | standard Nommalized 1 rms
indBre Deviation PSD indB re Deviation PSD Amplitude
Name nm?/Hz nm?/Hz (nm)
—_— L .
(1 Hz) (6 Hz) (0.8-3.0 Hz)
I L
NLNM -18 - 0.22 - - - -
NHNM 32 - 22380.0 - - - -
MR R
Lajitas, (-11.5) - 1.00 - - - -
Texas? [-9] - 1.78 [-45.16] - 1.00 -
Pinedale® -18.2 5.7 0.21 - - - 0.16
[-2.8] [12.4] 7.40 - - - -
Dubna® -21.5 23 0.10 - - - 0.19
I - M
MINA, Site 1 -2.5/-9.0 5.4/5.8 7.94/1.78 | -26.7/-32.7 6.3/7.6 70.15/17.62 § 0.62/0.33
MINA, Site 2 -5.5/-9.2 4.3/4.3 3.98/1.70 | -34.7/-40.1 | 11.1/7.5 11.12/3.21 0.45/0.31
MINA, Site 3 -0.2/-6.8 6.2/6.2 13.49/2.95 | -25.6/-32.0 8.2/9.7 90.36/20.70 | 0.82/0.41
MINA, Site 4 -4.2/-9.5 5.3/5.3 5.37/1.58 § -40.5/-45.3 6.5/6.5 2.92/0.97 0.53/0.27
GABBS, -7.2/-0.5 8.0/8.0 - | 2.69/12.59 | -40.1/-31.2 5.0/9.9 3.21/24.89 0.37/0.78
Site 1 '
GABBS, -1.4/-8.5 4.7/4.7 10.23/2.00 | -34.9/-38.5 5.2/5.7 10.62/4.63 0.72/0.33
Site 2 '
GABBS, 1.91.2 8.9/8.9 21.88/18.62 | -34.9/-33.4 | - 6.2/11.5 | 10.62/15.00 | 1.07/0.94
Site 3 : :
GABBS, -0.8/-5.9 6.8/4.3 11.75/3.63 | -36.1/-35.8 5.3/6.4 8.05/8.63 0.77/0.42
Site 4 |
LLNL, Site 1 -4.2/-8.2 8.6/12.4 5.37/214 | -31.0/-36.5 | 9.7/14.1 26.06/7.35 0.51/0.32
LLNL, Site3 | -9.3/-12.9 9.9/14.5 1.66/0.72 | -32.0/-37.4 | 9.6/14.8 20.70/5.97 0.33/0.21
LLNL, Site 4 -4.5/-5.0 4.7/4.0 5.01/4.47 | -28.9/-30.7 6.4/4.8 42.27/27.93 | 0.51/0.48
LLNL, Site 6 -5.2/-5.7 4.6/4.2 4.27/3.80 { -30.2/-32.3 6.2/5.3 31.33/19.32 | 0.54/0.52
LLNL, Excel- -2.3/-6.0 74/71 8.32/3.55 -33.9/-39.2 7.8/9.8 13.37/3.94 0.65/0.43
sior Site1 .
LLNL, Excel- | -7.4/-8.8 4.7/3.2 2.57/1.86 | -39.1/-44.3 5.8/5.7 4.04/1.22 0.36/0.31
sior Site2 »
GARAO -8.8/-8.9 3.7/44 1.86/1.82 | -31.0/-33.0 4.3/4.6 26.06/16.44 | 0.33/0.33
GARB1 -9.6/-9.8 3.1/3.6 1.55/1.48 | -30.2/-32.5 5.3/5.0 31.33/18.45 | 0.33/0.32
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Table 3: PSD (Day/Night) Comparisons at 1 Hz and 6 Hz (Continued)

I
| . . R
Displ. . Displ. . Noise
PSD | Standarg | NoTMalized | ‘psp’ | standara | NI} Rus
indBre Deviation PSD indBre Deviation PSD Amplitude
Name nm?/Hz nm?/Hz (nm)
I  —————————————————
(1 Hz) (6 Hz) (0.8-3.0 Hz)
GARB2A -9.7/-11.1 2.3/1.8 1.51/1.10 § -33.7/-37.6 7.1/2.0 14.00/5.70 0.28/0.25
GARB2 -10.8/-11.2 3.3/3.6 1.171.07 | -37.3/-39.3 3.8/3.9 6.11/3.85 0.26/0.25
I GARB3 -12.6/-12.3 2.5/3.0 0.78/0.83 | -40.8/-42.3 | 3.8/3.9 2.731.93 0.21/0.21
GARBL1 I -13.5/-13.6 2.2/2.0 0.63/0.62 - | -44.1/-46.5 3.5/3.7 1.28/0.73 0.18/0.18
GARC4 I -8.8/-10.0 4.4/4.9 1.86/1.41 | -35.1/-37.6 4.9/5.3 10.14/5.70 0.30/0.27

a. Values in parentheses are in dB referred to 1 nm %/Hz. Values in brackets are given by Ms. Carol Finn (personal com-
munication) for PSD in dB referred to 1 nm?/Hz at 1 Hz for the Pinedale Array noise spectra recorded by the short

period instruments model 23900. In addition, for Lajitas, TX, noise spectra were recorded by the TXAR.

b. Bao V. Nguyen (1996). Noise power spectral density estimates at Ukrainian site (Makarov), USA site (Pinedale,
Wyoming), and Russian sites (Dubna, Peleduy, Ussuriysk, Zalesovo, and near Bilibino), AFTAC, TTR-TN-96-001,

52 pp.
c. Ibid.

COHERENCE ESTIMATES

Coherence function' is a real-valued quantity defined as the ratio of the squared magni-

tude of the one-sided cross spectrum of the two time series to the product of their one-

sided auto spectra and is varied between 0 and 1, inclusive. The coherence function is

analogous to the squared correlation coefficient function but is not equal to its Fourier

transform. The correlation coe‘fficient functior? is defined as the ratio of the cross-covari-

ance function of lag time between the two time series to the square root of their product

of the auto-covariance functions at zero lag time. The absolute value of the correlation

coefficient is less than or equal to 1, inclusive. Mean values different from zero should be

removed from the data before computing coherence function to eliminate delta function

behavior at the origin®.

1. Julius S. Bendat and Allan G. Piersol (1980). Engzneerzng Applications of Correlation and Spectral
Analysis, John Wiley & Sons, 302 pp.

2. Ibid.
3. Ibid.




In computing correlation coefficients, the two time series are to be narrow-band passed
at each center frequency and the auto- and cross-correlation functions are to be win-
dowed with a window applied to the entire time series length. Normalization is then per-
formed with respect to the maximum amplitude of the auto-correlation function. On the
other hand, in computing coherence function in this report, the auto- and cross-correla-
tion functions were windowed with a triangular window applied to each segment, and the

segments were overlapped by 65% prior to averaging and Fourier transforming.

Noise is assumed stationary and random; whereas, signal is transient, short in duration,
and is assumed to be nonstationary phenomenon with a clearly defined beginning and
end. In this report, coherence function is employed for noise coherence estimates from
15-second pre-signal noise time series of each elemental site; whereas, coherence func-
tion is employed for signal coherence estimates from 4-second time series for P waves of
each elemental site assuming a stochastic process being at work.

Figures B1, B3, BS, B7, and B9 of Appendix B show signal and pre-signal noise
coherence as functions of frequency (coherence) and distance (spatial coherence)
relative to some reference site. Figures B2, B4, B6, and B8 show spectral multiplications
for signals as well as for pre-signal noise of the corresponding elemental sites with some
corresponding reference site. These spectral-multiplications figures aid in interpreting
the aforementioned coherence estimates of noise and signals of Figures B1, B3, B5, and
B7. For example, in Figures B1 and B2 for MINA, excellent signal coherence with values
near unity is seen up to about 2 Hz. The signal coherence values drop for frequencies
greater than about 2 Hz. But greater than about 2 Hz, the levels of the signal spectral
products are about those of the noise spectral products. What can be said of signal
coherence estimates for frequencies greater than about 2 Hz at MINA sites is that they
are not interpretable. On the other hand, the noise coherence estimates are
representable since the noise spectral products exist up to and dropped off at the
Nyquist frequency. Similar interpretations can be used to apply to Figures B3 and B4 for
GABBS, B5 and B6 for GAR, and B7 and B8 for LLNL sites. Both the signal and noise
coherence estimates for GABBS, GAR, and LLNL sites are representable and
interpretable up to the Nyquist frequency.
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Figure B9 shows spatial coherence varying with distance of elemental sites relative to
some reference site evaluated at some representative frequencies. Since only few ele-
mental sites were available, spatial coherency for MINA, GABBS, GAR, and LLNL sites
is not meaningful enough for further interpretation and comparison.

DISCUSSIONS AND CONCLUSIONS
Noise Analysis
The overall results of analysis indicate noise power spectral densities at these sites are
low with PSD values ranging from +1.9to -13.6 dB re nm%Hz at 1 Hz and from -25.6 to -

46.5 dB at 6 Hz.

Low amplification of noise is seen at 3.5 Hz, 9 Hz, and16 Hz at MINA Site 2; 2.0 Hz, 3.5 .
Hz, and 8.5 Hz at MINA Site 4.

Low amplification of noise is seen for GABBS Valley Sites 1 and 3 at 16 Hz; 8 Hz at Site
3 for mostly nighttime; 8 Hz and 15 Hz at Site 2 for nighttime; 3.5 Hz and 4.0 Hz at Site 4.

Low amplification of noise is seen for LLNL Site 6 at 16 Hz; 3.5 Hz and 4.0 Hz at Sites 1,
3, and 6; 3.5 Hz at Site 4; 8 Hz at Site 1; 9 Hz at Site 6.

Low amplification of noise is seen for LLNL Excelsior Mountains Sites 1 and 2 (near
MINA) at 3.5 Hz; 8 Hz at Site 2; 9.5 Hz at Site 1; 12 Hz at Site 2.

Low amplification of noise is seen for SMU GAR Sites AQ, B1, B2, B2A, B3, BL1, and C4
at 3.5 Hz; 4.0 Hz at AQ, B2, BL1, and C4; 8 Hz at AQ, B1, B2, B2A, BL1, and C4; 12 Hz

at AO, B1 and B2.

With respect to mean PSD values at 1 Hz, GABBS Valleys Site 3 is noisiest with daytime

and nighttime noise at +1.9 and +1.2 dB, respectively. Furthermore, the noise levels at
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sites that are much quieter are LLNL Site 3 east of GAR seismic stations with daytime
and nighttime noise levels at -9.3 and -12.9 dB, respectively; GARB3 with daytime and
nighttime noise levels at -12.6 and -12.3 dB, respectively. The site at GARBL1 is the qui-
etest site in this survey with daytime and nighttime noise levels at -13.5 and -13.6 dB,

respectively.

With respect to mean PSD values at 6 Hz, daytime noise at MINA Site 3 is noisiest with a
value of -25.6 dB. Furthermore, the noise levels at sites that are much quieter at night '
are MINA Site 4 and LLNL Excelsior Mountains Site 2 with nighttime noise levels at -45.3
and -44.3 dB, respectively. The site at GARBLA is the quietest site in this survey with
daytime and nighttime noise levels at -44.1 and -46.5 dB, respectively.

Figure 4 shows a composite of noise levels at 1 Hz and 6 Hz for all the sites of this noise

survey.
Coherence Analysis

Signal Coherence Spectra: Signal coherence is excellent with most of coherence values
near unity at MINA up to about 2 Hz. Beyond 2 Hz, signal coherency is not interpretable.
Good signal coherency is found for other sites such as GABBS, GAR, and LLNL sites.
Signal coherency is representable and interpretable at these sites.

Noise Coherence Spectra: Noise coherency is good at GAR and LLNL sites; poorer

noise coherency is at MINA and GABBS. Noise coherency is representable and inter-
pretable at these sites.
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Figure 4. A composite of mean noise levels (day and night) at 1 Hz and 6 Hz for all the sites of this noise |

survey.
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X AXIS LABELS: SITE #

Site 1
Site 2
Site 3
Site 4

Site 1
Site 2

0=MINA,
1=MINA,
2=MINA,
J=MINA,

4=GABBS,
5=GABSS,
6=CABBS, Site 3
7=GABBS, Site 4

B=LLNL, Site 1
9=LLNL, Site 3
10=LLNL, Site 4
11=LLNL, Site 6

12=LENL, Excelsior Sitel
13=LINL, Excelsior Site2

14=GARAO
15=GARB1
16=GARB2A
17=GARB2
18=GARB3
19=GARBL1
20=GARC4
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Figure A1. Daytime mean noise PSD at Mina Site 1. There are N=18 time
series of noise samples. Each time series has a length L=300 seconds and
is segmented by segments of SEGMT=10 seconds. Segments were over-

lapped by OVL=50%.
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Figure A2. Nighttime mean noise PSD at Mina Site 1. There are N=13 time
series of noise samples. Each time series has a length L=300 seconds and
is segmented by segments of SEGMT=10 seconds. Segments were over-

lapped by OVL=50%.
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Figure A3. Daytime mean noise PSD at Mina Site 2. There are N=23 time
series of noise samples. Each time series has a length L=300 seconds and
is segmented by segments of SEGMT=10 seconds. Segments were over-
lapped by OVL=50%.
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Figure A4. Nighttime mean noise PSD at Mina Site 2. There are N=22 time
series of noise samples. Each time series has a length L=300 seconds and
is segmented by segments of SEGMT=10 seconds. Segments were over-
lapped by OVL=50%.
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Figure A5. Daytime mean noise PSD at Mina Site 3. There are N=19 time
series of noise samples. Each time series has a length L=300 seconds and
is segmented by segments of SEGMT=10 seconds. Segments were over-
lapped by OVL=50%.
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Figure A6. Nighttime mean noise PSD at Mina Site 3. There are N=25 time
series of noise samples. Each time series has a length L=300 seconds and
is segmented by segments of SEGMT=10 seconds. Segments were over-
lapped by OVL=50%.
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Figure A7. Daytime mean noise PSD at Mina Site 4. There are N=20 time
series of noise samples. Each time series has a length L=300 seconds and
is segmented by segments of SEGMT=10 seconds. Segments were over-
lapped by OVL=50%.

MINA SITE4 GS13/RDAS DATA: NIGHT-TIME NOISE PSD

L B A | T L B | T

ave file .
— std+ file

e s?}ﬁ—/file Joh -
- —-../../NM.dir/nhnm.dis
= —-../../NMdir/ninm.dis —

PSD (48 wrt nm**2/H2)

-50— )
N=25 NOISE SAMPLES B

- L=300 SEC, SEGMT=10 SEC, OVL=50%
| MEAN=-9.5 dB +- 5.3 dB at 1 Hz
MEAN=-45.3 dB +- 6.5 dB af 6 Hz .
2 &6 8 2 4 6 8 2
100

FREQUENCY (HZ)

Figure A8. Nighttime mean noise PSD at Mina Site 4. There are N=25 time
series of noise samples. Each time series has a length L=300 seconds and

is segmented by segments of SEGMT=10 seconds. Segments were over-
lapped by OVL=50%.
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Figure A9. Daytime mean noise PSD at Gabbs Site 1. There are N=10
time series of noise samples. Each time series has a length L=300 seconds

and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A10. Nighttime mean noise PSD at Gabbs Site 1. There are N=13
time series of noise samples. Each time series has a length L=300 seconds
and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A11. Daytime mean noise PSD at Gabbs Site 2. There are N=10
time series of noise samples. Each time series has a length L= 300 seconds

and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A12. Nighttime mean noise PSD at Gabbs Site 2. There are N=12
time series of noise samples. Each time series has a length L=300 seconds
and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A13. Daytime mean noise PSD at Gabbs Site 3. There are N=6
time series of noise samples. Each time series has a length L=300 seconds
and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A14. Nighttime mean noise PSD at Gabbs Site 3. There are N=12
time series of noise samples. Each time series has a length L=300 seconds
and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A15. Daytime mean noise PSD at Gabbs Site 4. There are N=10
time series of noise samples. Each time series has a length L=300 seconds
and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A16. Nighttime mean noise PSD at Gabbs Site 4. There are N=12
time series of noise samples. Each time series has a length L=300 seconds
and is segmented by segments of SEGMT=10 seconds. Segments were
overlapped by OVL=50%.
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Figure A17. Daytime mean noise PSD at LLNL Site 1 (east of GAR). There
are N=110 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A18. Nighttime mean noise PSD at LLNL Site 1 (east of GAR).
There are N=130 time series of noise samples. Each time series has a
length L=300 seconds and is segmented by segments of SEGMT=10 sec-
onds. Segments were overlapped by OVL=50%.
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Figure A19. Daytime mean noise PSD at LLNL Site 3 (east of GAR). There

are N=108 time series of noise samples. Each time series has a length

L=300 seconds and is segmented by segments of SEGMT=10 seconds.

Segments were overlapped by OVL=50%.
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Figure A20. Nighitime mean noise PSD at LLNL Site 3 (east of GAR).
There are N=130 time series of noise samples. Each time series has a
length L=300 seconds and is segmented by segments of SEGMT=10 sec-
onds. Segments were overlapped by OVL=50%.
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Figure A21. Daytime mean noise PSD at LLNL Site 4 (east of GAR). There
are N=110 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A22. Nighttime mean noise PSD at LLNL Site 4 (east of GAR).
There are N=130 time series of noise samples. Each time series has a
length L=300 seconds and is segmented by segments of SEGMT=10 sec-
onds. Segments were overlapped by OVL=50%.
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Figure A23. Daytime mean noise PSD at LLNL Site 6 (east of GAR). There
are N=110 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A24. Nighttime mean noise PSD at LLNL Site 6 (east of GAR).
There are N=130 time series of noise samples. Each time series has a

length L=300 seconds and is segmented by segments of SEGMT=10 sec-
onds. Segments were overlapped by OVL=50%.
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Figure A25. Daytime mean noise PSD at LLNL Excelsior Mountains Site 1.
There are N=110 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds. Seg-
ments were overlapped by OV0L=50%.
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Figure A26. Nighttime mean noise PSD at LLNL Excelsior Mountains Site 1.
There are N=130 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds. Seg-
ments were overlapped by OVL=50%.
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Figure A27. Daytime mean noise PSD at LLNL Excelsior Mountains Site 2.
There are N=110 time series of noise samples. Each time series has a

length L=300 seconds and is segmented by segments of SEGMT=10 sec-
onds. Segments were overlapped by OVL=50%.
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Figure A28. Nighttime mean noise PSD at LLNL Excelsior Mountains Site 2.
There are N=128 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds. Seg-
ments were overlapped by OVL=50%.
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Figure A29. Daytime mean noise PSD at SMU GARAO seismic station.
There are N=83 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A30. Nighttime mean noise PSD at SMU GARAO seismic station.
There are N=91 time series of noise samples. Each time series has a length

L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A31. Daytime mean noise PSD at SMU GARB1 seismic station.
There are N=78 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A32. Nighttime mean noise PSD at SMU GARB1 seismic station.
There are N=91 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.

Segments were overlapped by OVL=50%.
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Figure A33. Daytime mean noise PSD at SMU GARB2 seismic station.
There are N=69 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A34. Nighttime mean noise PSD at SMU GARB2 seismic station.
There are N=78 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A35. Daytime mean noise PSD at SMU GARB2A seismic station.
There are N=6 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.

Segments were overlapped by OVL=50%.
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Figure A36. Nighttime mean noise PSD at SMU GARB2A seismic station.
There are N=13 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Flgure A37. Daytime mean noise PSD at SMU GARBS3 seismic station.
There are N=89 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A38. Nighttime mean noise PSD at SMU GARBS3 seismic station.
There are N=104 time series of noise samples. Each time series has a

length L=300 seconds and is segmented by segments of SEGMT=10 sec-
onds. Segments were overlapped by OVL=50%.
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Figure A39. Daytime mean noise PSD at SMU GARBL1 seismic station.
There are N=72 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A40. Nighttime mean noise PSD at SMU GARBL1 seismic station.
There are N=78 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A41. Daytime mean noise PSD at SMU GARC4 seismic station.
There are N=67 time series of noise samples. Each time series has a length
L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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Figure A42. Nighttime mean noise PSD at SMU GARC4 seismic station.
There are N=78 time series of noise samples. Each time series has a length

L=300 seconds and is segmented by segments of SEGMT=10 seconds.
Segments were overlapped by OVL=50%.
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APPENDIX B:
PLOTS OF SIGNAL AND NOISE COHERENCE SPECTRA
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Figure B1. (a) Signals (P waves) recorded at MINA sites. (b) Signal correlation functions rela-
tive to site 4. (c) Pre-signal noise at four sites. (d) Noise correlation functions relative to site 4.
(e-g) Signal and noise coherency of sites 1, 2, and 3, relative to site 4.
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Figure B2. Spectral multiplications for signals as well as for pre-signal
noise of sites 1, 2, and 3, with site 4.
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Figure B3. (a) Signals (P waves) recorded at GABBS sites. (b) Signal correlation functions rel-
ative to site 2. (c) Pre-signal noise at three sites. (d) Noise correlation functions relative to site 2.
(e-f) Signal and noise coherency of sites 1 and 4, relative to site 2.
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Figure B4. Spectral multiplications for signals as well as for pre-signal
noise of sites 1 and 4, with site 2.
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Figure BS. (a) Signals (P waves) recorded at GAR sites. (b) Signal correlation functions relative
to site B3. (c) Pre-signal noise at three sites. (d) Noise correlation functions relative to site B3.
(e-f) Signal and noise coherency of sites BL1 and C4, relative to site B3.
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Figure B6. Spectral multiplications for signals as well as for pre-signal
noise of sites BL1 and C4, with site B3.
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Figure B7. (a) Signals (P waves) recorded at LLNL sites. (b) Signal correlation functions rela-
tive to site 4. (c) Pre-signal noise at four sites. (d) Noise correlation functions relative to site 4.
(e-g) Signal and noise coherency of sites 1, 3, and 6, relative to site 4.
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Figure B8. Spectral multiplications for signals as well as for pre-signal
noise of sites 1, 3, and 6, with site 4.
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Figure BS. Spatial coherency as function of distance at some representative frequencies for sig-
nals (solid) and noise (dashed) at MINA, GABBS, LLNL, and GAR sites.
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